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Abstract- This paper presents material and gas sensing properties of Pt/SnO2 nanowires/SiC metal 
oxide semiconductor devices towards hydrogen. The SnO2 nanowires were deposited onto the SiC 
substrates by vapor-liquid-solid growth mechanism. The material properties of the sensors were 
investigated using scanning electron microscopy, transmission electron microscopy and X-ray 
photoelectron spectroscopy. The current-voltage characteristics have been analyzed. The effective 
change in the barrier height for 1% hydrogen was found to be 142.91 meV. The dynamic response of 
the sensors towards hydrogen at different temperatures has also been studied. At 530°C, voltage shift of 
310 mV for 1% hydrogen was observed. 
 
Index terms: Gas sensor, Hydrogen, Nanowires, SnO2, MOS, Schottky, XPS, TEM, SEM. 
 
I. INTRODUCTION 
 
Research into the new devices and materials, which provide better sensitivity, selectivity and 
stability, has been attracting growing attention in recent years for gas sensors fabrication. Such 
sensors can be employed for different applications in health, safety, food, automotive and defense 
industries.  
In 1990, Yamazoe [1, 2] reported that, in a gas sensitive material, the reduction of size of grains 
to nanostructure dimensions can largely enhance gas sensor performance. By engineering and 
tuning the morphology of grains the sensitivity can also be increased [3]. The electrical properties 
of such materials change due to grain coalescence, porosity and grain-boundary alteration [4, 5]. 
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In addition, the usage of nanostructures increases the surface to volume ratio which generally 
enhances the sensor response.  The increase in the surface of nanostructured materials can also 
lead to increase in catalytic activity or surface adsorption [4]. Nowadays, nanostructured 
materials such as semiconducting metal oxide nanoparticles, nanowires and nanorods have been 
widely used for gas sensing applications. Examples of such materials include: ZnO nanobelt for 
NO2, H2 and hydrocarbon [6], SnO2 nanobelts for CO and NO2 [7], In2O3 nanowires for NO2 [8], 
WO3 nanowires for NO2 [9], TiO2 nanotubes for H2 [10] and many others. 
SiC is a wide band gap (3.2 eV) semiconducting material which is extensively used in field effect 
gas sensors based on metal-oxide-SiC structures operating at high temperatures [11-16]. These 
sensors consist of a thin catalytic metal layer, generally group VIII transition metals such as 
platinum (Pt) or palladium (Pd), deposited onto metal-oxide-SiC. By using metal oxide in 
between the substrate and the catalytic metal, selectivity, sensitivity and stability of the sensors 
can be tailored [17]. SnO2 is a metal oxide with a wide band gap (3.6 eV) which is promising for 
gas sensing applications due to its suitable physicochemical properties including high stability 
and reactivity to reducing gases such as hydrogen [18]. When SnO2 is exposed to different gas 
species, the material’s resistance changes because of the charge carrier exchange between the 
adsorbed gas and the oxide surface [19]. Hence, the gas sensing properties of SnO2 depend on its 
surface structure. Recently, nanostructured forms of SnO2 have been used for gas sensing 
applications.  Law et al. [20] have investigated room temperature sensing properties of a single 
crystalline SnO2 nanowire sensor towards NO2. Kolmakov et al. [21] has conducted experiments 
with SnO2 nanowires sensors for different gases including O2 and CO. In addition, Li et al. [22] 
have developed SnO2 nanoparticles based gas sensors. They also reported that the SnO2 
nanoparticles have high sensitivities towards reducing gases. 
We have investigated gas sensing properties of a Pt-metal-oxide-SiC structure with SnO2 
nanowires as the metal oxide layer. In this paper, we will present the development of the sensor 
and microstructural characteristics of the SnO2 nanowires grown onto the SiC substrates using 
vapor-liquid-solid (VLS) method. The hydrogen gas sensing performance for an operating 
temperature in the range of 200-650˚C has been studied. Furthermore, we have investigated the 
barrier height changes for different concentrations of hydrogen gas which were obtained from the 
current-voltage (I-V) measurements. 
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II. EXPERIMENTAL 
 
The SnO2 nanowires were prepared using evaporation-condensation (EC) process, with VLS 
growth mechanism. This deposition technique consists of thermally-driven evaporation of bulk 
metal oxides followed by condensation. The experimental set-up for the EC oxide deposition 
consists of an alumina furnace capable to achieve high temperatures, in order to activate 
decomposition of the oxide and to promote evaporation. The controlled pressure of the 
atmosphere and the temperature gradient within the furnace allow condensation and nucleation of 
the nanostructures downstream the gas flow. Such a peculiar thermodynamic condition promotes 
formation of nanosized 1-D structures [4, 5].  
Platinum was used as a growth catalyst as the SnO2 nucleation occurs from the platinum-based 
clusters. First, small platinum clusters were dispersed on the SiC substrates by sputtering. The 
SiC substrates were cut (3×3 mm2) from n-type 6H-SiC wafer having thickness of approximately 
250 µm. Afterwards, the SnO2 powder was placed in an alumina tube inserted in a horizontal tube 
furnace. Evaporation took place by heating the source to 1370°C. Mass transport was obtained 
using an Ar flow (75 sccm) at pressure of 1×104 Pa. Furnace heating from room temperature 
(RT) to 1370°C took approximately 1.5 hours. During furnace heating and cooling a reverse Ar 
gas flow (from the substrates to the powder) was applied, to avoid uncontrolled mass deposition. 
Once desired temperature was reached, deposition process lasted 30 minutes. Nanowires grew in 
a colder zone of the furnace, at a temperature between 400 and 500°C.  
In order to perform the electrical characterization, a circular pad of Pt with diameter of 1 mm and 
thickness of 100 nm, was deposited on the top of the SnO2 nanowires by sputtering to form a 
Schottky contact. A double layer of Pt and Ti metal (with thickness of 100 nm each) was 
deposited on the unpolished side of the SiC substrates by sputtering. After fabrication the 
devices, they were annealed in air at 450°C for 4 hours and at 600°C for 2 hours to form the 
ohmic contact. 
A computerized multi channel gas calibration system was used which allows the sensor to be 
exposed to different concentrations of the analyte gas. The test chamber includes an alumina 
micro-heater in close contact with the sensor, to control its operating temperature. The sensor was 
exposed to different hydrogen and propene concentrations in the range of 0.06 to 1%, at constant 
volumetric gas flow rate of 200 ml/min. 
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This exposure caused a change in the barrier height which results a voltage shift in the I-V 
characteristics. The I-V measurements were carried out using a Keithley 2602 current 
sourcemeter. The response of the sensor to hydrogen and propene was measured as voltage shift 
when the sensor was biased at a constant current. The voltage shift of the sensor was recorded 
using an Agilent 34410A multimeter. 
 
III. RESULT AND DISCUSSION 
 
a. Material characterization 
Morphological investigation was carried out by both scanning electron microscope (SEM) and 
transmission electron microscope (TEM). The LEO 1525 SEM was operated in the 2-5 kV 
acceleration voltage range for the observation of nanowires over the SiC substrates. Figure 1 
shows that the EC process promotes formation of a great quantity of nanowires over the SiC 
substrates. Nanowires are homogenous in size. 
TEM investigation was conducted with a FEI Tecnai F20 microscope operated at 200 kV for 
conventional, scanning-transmission and high-resolution imaging. Figure 2 highlights the 
structural features of the nanowires. The sharp parallel lateral sides and the transverse section of 
the nanowires do not feature variations in detail. Electron diffraction and high-resolution imaging 
(see insets of Figure 2) demonstrate the single-crystal arrangement for the nanowires. The image 
highlights the regular arrangement and the smooth lateral termination. In addition, Bragg 
reflections and the whole symmetry of the ED pattern agree with the cassiterite tetragonal SnO2 
phase (P42/mnm-SG 136). The direction of the electron beam is parallel to the [010] zone-axis of 
the reciprocal lattice and the nanowire grows along to the [100] direction [23, 24]. 
The composition of nanowires and chemical states of constituent elements were analyzed by 
using X-ray photoelectron spectroscopy (XPS) (Figure 3). This analysis included the standard 
XPS quantification through main photoelectron peaks, the determination of modified Auger 
parameter (918.9 eV for tin and 1041.2 eV for oxygen) and the study of valence band (VB) 
spectra for the accurate determination of metals oxidation states in the nanowires. Table 1 
presents the main XPS results for the four samples of nanowires, including the atomic 
concentrations and binding energy (BE) values of the main peaks. 
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The values of modified Auger parameter and the shape of VB spectrum [25, 26] indicate the 
presence of mixed oxidation states (SnO and SnO2). This finding is confirmed also by 
intermediate value of stoichiometric rate Sn:O [27]. 
 
 
Figure 1.  SEM image of SnO2 nanowires as grown on the SiC substrates 
 
 
Figure 2.  Low-magnification TEM image of a long SnO2 nanowire (main picture), high-
resolution TEM image of the nanowire (upper inset), and indexed digital diffractogram of the 
high-resolusion image (lower inset). 
INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS, VOL. 1, NO. 3, SEPTEMBER 2008
775
  
 
 
 
 
 
 
 
 
Figure 3.  XPS survey spectrum of SnO2 nanowires. Detailed VB spectrum is shown in the insert: 
grey peaks – SnO, white peaks – SnO2. 
 
Table 1: surface chemical composition of SnO2 nanowires: atomic concentration (%) of the 
elements and their binding energy (BE) 
 
 
C Sn Oox. OOH Sn/Oox. 
Atomic (%) 17.3 - 32.0 24.7 - 27.8  34.9 - 46.1 8.1– 10.7 
BE (eV) 284.8 486.4 530.3 531.8 
0.6 - 0.71 
 
a. Electrical properties 
The gas sensing principle of these metal oxide semiconductor (MOS) sensors is based on the 
dissociation of the introduced hydrogen molecules on the catalytic Pt surface and diffusion 
through the catalytic metal. An electrically polarized layer is formed at the metal-insulator/oxide 
interface. Therefore, the electric field of this polarized layer at the metal-insulator interface 
decreases the barrier height of the sensor, reducing the metal-semiconductor work function and 
results in a voltage drop.  Hence, there is a voltage shift in the I-V curves when the sensor 
exposed to hydrogen gas [28, 29]. 
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The voltage shift of the sensor at different hydrogen concentrations was measured for different 
temperatures above 600°C.  Clearly from Figure 4, the highest voltage shift was observed at 
530°C. The voltage shifts for 0.5% hydrogen at 420, 530 and 620˚C were 145, 189 and 150 mV, 
respectively. Hence, 530°C was considered as a preferred operating temperature.  
Figure 5 shows the forward and reverse I-V characteristics of the sensor towards different 
hydrogen concentrations for 0.06, 0.125, 0.25, 0.5, and 1% at 530˚C. The lateral shift in the I-V 
characteristics is due to changes in the barrier height. The changes in slope in the linear portion of 
the characteristics are due to the change in the series resistance resulting from a decrease in the 
metal oxide resistance [16, 30]. 
The following equations based on the thermionic emission theory [31] are often used for 
describing the I-V characteristics of the Schottky diode: 
}1){exp( −= nkTqVII s                            (1) 
where T is the temperature in Kelvin, k is Boltzmann’s constant, n is the ideality factor and Is is 
the saturation current, as defined by: 
)exp(** 2 kTqTSAI Bs Φ−=                       (2) 
where S is the diode area (cm2), A** is the effective Richardson’s constant and ΦB is the barrier 
height (eV). The saturation current was obtained from (1) and the barrier height was calculated 
from (2). 
 
 
Figure 4.  Voltage shift at different hydrogen gas concentrations vs temperature. 
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The change in the barrier height, when the sensor was exposed to different hydrogen 
concentrations is presented in Figure 6. At 530˚C, it was found that the barrier height was 
2.04 eV, in synthetic air. When the sensor was exposed to 1% hydrogen, the barrier height 
changed to 1.89 eV. Hence, the change in the barrier height increases with the increase of 
hydrogen concentrations. 
 
 
 
Figure 5. (a) Forward and (b) reverse I-V characteristics of the Pt/SnO2 nanowires/SiC sensor 
towards different hydrogen gas concentrations at 530˚C. 
 
 
(a) 
(b) 
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 Figure 6. Change in the barrier height for different hydrogen concentrations at 530˚C.  
 
 
Trinchi et al. [32] have reported that change in the barrier height of Pt/Ga2O3/SiC based hydrogen 
gas sensors increases with the increase of hydrogen concentrations. Similar results were also 
presented by Kandasamy et al. [30] and Nakagami et al. [16] for Pt/WO3/SiC gas sensors. 
 
c. Gas response performance 
Figure 7 shows the dynamic response of the device towards different concentrations of hydrogen 
at 420˚C. The sensor was biased at 1 µA constant current. Voltage shifts of 70 and 132 mV for 
0.25 and 1% hydrogen were recorded at 420˚C, respectively. The responses of the device towards 
different hydrogen concentrations at an operating temperature of 530˚C are shown in Figure 8. 
The voltage shifts measured for 0.25 and 1% hydrogen were 95 and 310 mV at 530˚C, 
respectively. Hence, the sensor shows lower sensitivity at lower temperatures. The response time 
was approximately 105 sec; with a recovery time of 130 sec at 420°C and decreased to 66 sec and 
100 sec, respectively, at 530°C. 
Kandasamy et al. [30] have reported the voltage shifts of 30 and 80 mV for 0.25 and 1% 
hydrogen with 9 µA constant bias current, respectively for Pt/WO3/SiC devices at 530˚C. Trinchi 
et al. [15] also reported the voltage shifts of 193 and 210 mV for 0.5 and 1% hydrogen at 
constant current of 1 mA, respectively for Pt/Ga2O3/SiC devices at 310˚C.  
The sensor was also tested towards different concentrations of propene. Comparison of the 
responses recorded for hydrogen and propene at 530°C is shown in Figure 9. The sensitivity to 
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0.125% propene was found to be 1.79 times higher than that of hydrogen. Consequently, the 
sensor is more promising for hydrocarbons sensing. 
 
 
Figure 7. Dynamic response of the Pt/SnO2 nanowire/SiC device towards hydrogen 
(0.125, 0.25, 0.5, and 1%) at 420°C. 
 
 
 
 
Figure 8. Dynamic response of the Pt/SnO2 nanowire/SiC device towards hydrogen  
(0.125, 0.25, 0.5, and 1%) at 530°C. 
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Figure 9. Voltage shifts at different concentrations of hydrogen and propene at 530˚C. 
 
 
IV. CONCLUSIONS 
The Pt/SnO2 nanowires/SiC gas sensors were successfully fabricated and their hydrogen and 
hydrocarbon gas sensing performance at high temperatures above 600°C were demonstrated.  
The SEM image revealed uniformly distributed nanowires on the SiC substrates. High resolution 
TEM and ED showed that nanowires were single crystalline and oriented along the [100] 
direction. XPS analysis revealed the presence of two Sn oxidation states (Sn4+ and Sn2+) of the 
nanowires.  
 The adsorption of hydrogen onto the SnO2 nanowires results in an effective decrease of the 
Schottky barrier height, manifesting as a voltage shift.  The results indicate that the sensors are 
promising for gaseous hydrogen and hydrocarbon monitoring. 
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